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Eightabdominal strengthening exercises were 
investigated in order to evaluate their ability to 
promote stabilisation of the lumbar spine. 
Twenty-three healthy volunteers aged between 
18 and 32 participated in the study. During each 
of the selected exercises, surface electro-
myography was used to measure the levelot 
motor unit activity in the right upper rectus ab-
dominis, the right lower rectus abdominis, the 
right oblique abdominis and right lumbar para-
vertebral muscles. A formula, based on the 
relative importance of each muscle in the pro-
posed stability pattern was devised and used to 
give a single 'stability' score in order to com-
pare each ofthe eightexercises tested. Results 
indicated that the exercises which involved 
applied rotatory resistance to the trunk ap-
peared to activate a more appropriate stability 
pattern for the lumbar spine. 
[Richardson CA, ToppenbergR, Jull G: AnJnitial 
evaluation of eight abdominal exercises for 
their abitityto provide stabilisation forthe lumbar 
spine. Australian Journal of Physiotherapy 36: 
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Physiotherapists treating patients with low back pain must provide 
. efficient and safe exercises which 
will enhance stability of thevertebraI 
column. This is necessary to protect 
joints and associated structures from 
injury. 
Strengthening exercises are often 
prescribed to promote stability. Many 
of the exercises designed with . 
strengthening in mind require the 
trunk musculatqre to produce specific 
movements against gravity or other 
extemallyapplied resistance. The 
'curl-up' exercise in supine used to 
strengthen the abdominals, especially 
rectus abdominis, is a good exainple of 
this type of strengthening exercise. 
Producing a.force or torque which 
can be used fur specific movements is 
only one aspect of muscle function. 
Pope et al (1987), in a study on resisted 
trunk rotation, determined that not all 
muscle activity was used in torque 
production. Many muscles worked in 
synergistic groups and appeared to be 
specifically involved in mechanisms 
designed to stabilise and protect the 
lumbar spine. 
Certainly, one such m,echanisUl in 
which the musculature is involved in 
stability is the production of tension in 
the lumbar dorsal fascia. (Gracovetsky 
et al1985, Macintosh etalI987). 
The lumbar dorsal fascia is a non-
contractile structure which provides 
considerable support to the lumbar 
area. Its contribution to stability is 
increased through the influence of 
muscle attachments. 
Tension in the fascia can be increased 
by contraction of the internal obliques 
and transverse abdominals which 
attach to the middle layer of the fascia. 
Tension is also increased between the 
middle and posterior layers of the 
fascia by the contraction of the para-
spinal muscles (Tesh et aI1987). 
Although the lumbar dorsal fascia 
provides local protection fur the 
lumbar spine, it appears that increasing 
intra-abdominal pressure(IAP) could·' 
provide a more general mechanism for 
protection of the whole spine (T esh et 
al 1987). Since the 1960s, lAP has 
been investigated fotits capacity to 
lessen the force on the spine in lifting 
(Bartelink 1957, Morris et al1961) 
The extent of its contribution in this 
capacity has been challenged. 
More recently, the role of lAP in 
general stabilisation of the spine has 
been considered (Grew 1980, Zetter-
berget al 1987). Grew (1980) found 
very high increases in lAP when 
working the arms in a vertical "push-
ing" action while in an upright posture. 
Suchan activity required maximal 
trunk stabilisation which appeared to 
be associated with large increases in 
lAP. . 
The observations of Grew (1980) are 
of particular interest as the only 
researcher who claims it is possible to 
increase lAP through exercises used 
similar arm actions in his exercise 
protocol (Wilhelmsen 1981, cited in 
Balldin et al 1985). 
Zetterberg et al (1987) found that the 
abdominals Were active during resisted 
trunk extension performed in the 
upright position. The authors consid-
ered that this abdominal action may be 
associated with increased lAP for trunk 
stabilisation. 
The muscles considered to be assoc-
iated with increasing lAP are the 
oblique abdominals, the transversus 
abdominis, the erector spinae, the 
diaphragm and the pelvic floor muscles 
with minimal contribution by rectus 
abdominis (Floyd and Silver 1950, 
Carman et al 1972, Rab et aI1977, 
Basmajian and DeLuca 1985). 
In addition to mechanisms such as 
tension in the lumbar dorsal fascia and 
lAP, the stabilising role of the deep 
extensors of the trunk also needs to be 
considered. Within the back muscle 
group, Valencia and Munro (1985) 
concluded that the multifidus had a 
major stabilisation role. 
They determined in their electro-
myographic study of the segmental 
levels of multifidus that this muscle 
was often active throughout the whole 
range of flexion, was particularly active 
during movements of rotation in both 
directions, and contributed to the 
stability of the pelvis in extension 
movements of the lower limb. 
It could be concluded that, if the aim 
of rehabilitative exercise for the low 
back is to enhance the mechanisms for 
stability of the spine, it is necessary to 
facilitate a co-contraction in such 
muscles as the oblique abdominals, the 
transversus abdominis and the erector 
spinae - particularly the multifidus. 
Rectus abdominis action may not be 
so important. Indeed, Jackson and 
Brown (1983) in their review suggest 
that exercise designed to increase lAP 
should involve the oblique abdominal 
muscles without simultaneously 
contracting rectus abdominis. 
In this pilot trial, exercises commonly 
selected for abdominal strengthening 
in patient exercise programs as well as 
exercises advocated for promoting 
pelvic and trunk stability were investi-
gated. 
The aim of the trial was to initiate 
examination of abdominal exercises in 
terms of the pattern or combination of 
muscle activity produced rather than 
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figure 1: Position of electrodes for 
recording muscle activity from right upper 
rectus abdominis, right lower rectus 
abdominis <Ind right obliqul.ls abdominis. 
isolated comparisons of which exercises 
work one particular muscle more. 
As concluded from the studies 
presented, the most important muscles 
involved in stabilisation of the spine, 
either through increasing lAP, increas-
ing tension in the lumbar dorsal fascia, 
or due to their individual contribution, 
must be the transversus abdominis, the 
obliques and the deep low back extens-
ors such as multifidis. Rectus abdom-
inis would appear to make little 
contribution to the stability of the 
spine (Basmajian and De Luca 1985, 
Jackson and Brown 1983). 
Physiotherapists using exercise for 
patients with back pain confirm these 
research observations. Kennedy 
(1982), when describing the advantages 
of abdominal "bracing", emphasised 
the contribution of the oblique ab-
dominals and the "deep back muscles" 
in the trunk stabilisation mechanisms. 
Sullivan et al (1982) suggest that the 
main focus in trunk strengthening for 
low back pain should be the co-
contraction of the lower abdominals 
and the low back extensors. 
It was difficult to incorporate this 
knowledge into a method of analysis 
which could be used to examine 
specific exercises. Electromyography 
(EMG) detects electrical activity in 
figure 2: Position of electrodes fol' 
recording muscle activity from the lumbar 
paravertebrai muscles. 
muscle but cannot be used to deter-
mine if one muscle is contributing 
more or less to an exercise than other 
muscles. 
It became apparent that the use of a 
formula to achieve a stability score for 
each exercise was one of the few 
statistically sound methods of studying 
the relative contributions of several 
muscles. 
With this background, a formula was 
devised which was considered to reflect 
the optimal stabilising pattern. Most 
emphasis was placed on the obliques 
(B) and the low back extensors (E) 
while recognising some contribution 
by the lower rectus abdominis (L). 
Thus, the positive elements of the 
equation signifying the relative contri-
bution by each could be expressed' as 
2B + 2E + lL. 
The negative contribution by the 
upper rectus abdominis (U) was added 
to the formula in order to balance the 
equation, i.e. 2B + 2E + lL - 5U = X 
(where X is the derived score). 
By balancing the equation, a final 
positive or negative score would then 
give an indication of the strength of 
the stability pattern displayed in a 
particular exercise, i.e. a more approp-
riate stability pattern would be indi-
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cated when the score was positive. 
By examining the pattern of muscle 
activity in this way, exercises best 
suited to promoting increased stabilis-
ation of the lumbar spine could be 
established. 
Method 
Twenty-three healthy volunteers 
aged between 19 and 32 years partici-
pated in the study. There were seven 
males and 16 females of average height 
and weight. Subjects were excluded if 
,they had any musculoskeletal or 
neuromuscular conditions, any history 
of significant low back pain or major 
abdominal surgery, or if the amount of 
subcutaneous fat overlying the abdom-
inal muscles was considered too great 
to allow good electromyographic re-
cordings. 
Two "Medi-Trace" stress test 
(Graphic Controls Canada Ltd.) 
surface electrodes were applied to the 
right upper rectus abdominis, the 
right lower rectus abdominis, the right 
obliquusabdominis and the right 
lumbar paravertebral muscles adjacent 
to the spinous processes from L3 to S 1. 
An eartbwas placed over the right 
anterior superior iliac spine (Figures 1 
and 2). The electrode sites were 
prepared.as described by Anderson and 
Champion (1988). As it is not possible 
to exclude activity from underlying 
muscles or those in close proximity, 
the activity measured by this electrode 
placement had to be assumed to be 
recordingpredoxninandy from the 
muscles indicated. 
The root mean square (RMS), as 
suggested by Basmajian and DeLuca 
(1985), was considered the most 
appropriate method of analysing the 
EMG signal. For this experiment, the 
log of the RMS value was chosen as the 
measure of muscle activity, as a wide 
range of values could be displayed on 
the chart recorder without the need to 
change the gain. This resulted in 
easier measurement of comparative 
data. 
The electrodes were connected to a 
PA63 preamplifier (Medelec) which 
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was connected to an AA6 MkIII 
amplifier/filter (Medelec). The output 
from the amplifier was taken to .an 
RMS circuit (Department of Physio-
therapy, University of Queensland) 
and was recorded on a Mingograf 804 
high speed ink jet recorder (Siemans-
Elema). 
A baseline recording of one xninute 
with the subject resting supine without 
pillows was taken prior to any exercises 
being performed. The subject then 
performed each of the eight exercises 
in a predetermined random order with 
at least a one minute rest period 
between exercises. Two practice trials 
were allowed for each exercise before a 
final recording was taken. 
The eight exercises performed were 
as follows: 
L Curl up (CU). The subject lay 
supine with the arms relaxed by 
the side and legs straight. Instruc-
tions were to lift the arms forward, 
curl the chin onto the chest and 
then curl the trunk until the 
inferior angles of the scapulae 
cleared the bed. A four second 
hold was performed at the end 
point of the curl up and the subject 
then lowered slowly back to the 
starting position. 
2. Isometric trunk flexion in sitting 
(TFS). The subject was positioned 
sitting upright in a chair fixed and 
bolted to the floor. A padded 
seatbelt, positioned around the 
Figure 3: (left) Subject position for 
isometric trunk flexion in sitting. 
Figure 4: (above) Subiect position for 
pelvic-lumbar flexion. 
chest at the level of the axillae, was 
fixed to the wall behind the chair 
(Figure 3). The seatbelt was tight-
ened to the maximum possible 
while maintaining comfort. The 
subject's feet were positioned on a 
set of bathroom scales to ensure 
that the subject was neither 
pushing into the floor with his feet 
nor using iliopsoas to flex the hips 
which would be reflected bya drop 
in the scale reading. The subject 
was then instructed to try to curl 
the trunk forward against the fixed 
resistance of the belt and to pull 
maximally for four seconds then 
relax. 
3. Pelvic tilt with a single leg lower 
(PTO). The subject lay supine 
with hands resting by the sides, 
hips at 90 degrees and knees flexed 
so that the feet were off the plinth. 
The subject then performed.a 
backward pelvic tilt which was 
maintained as the right knee was 
extended and then the right leg 
lowered very slowly. The experi-
menter monitored the pelvic tilt by 
a hand placed under the lower 
back area and the exercise was 
ceased when the subject could no 
longer maintain the pelvic position 
during the leg lowering move-
ment. 
4. Pelvic tilt with a double leg lower 
(PTB). This was performed as for 
exercise number 3 but in this case 
3.1 . 
both knees were extended and 
both legs lowered simultaneously 
until a backward pelvic tilt could 
no longer be maintained. 
5. Pelvic-lumbar flexion (P-LF). The 
subject lay supine with hips flexed 
to approximately 100 degrees and 
knees comfortably bent. A padded 
wOQden bar attached to the floO'r 
Was fixed across the subject's 
knees. The subject then pushed 
up against the bar as hard as 
possible with his knees in a vertical 
direction and sustained the con-
traction for four second.; (Figure 
4). The subject was instructed not 
to push on the plinth with his 
hands. 
6. Crook lying with pelvic rotation 
(to the right) (CPR). The subject 
lay in crook lying and was in-
structed to' attempt to rotate his 
knees and pelvis to the right 
against resistance applied on the 
knees by the experimenter. No 
movement was allowed. The 
resulting isometric contraction was 
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held for four seconds. 
7. Sitting with trunk rotation (to the 
left) (STR). The subject sat com-
fO'rtably O'n the plinth with feet un-
sUPPO'rted. The experimenter 
O'ffered resistance to the anterior 
aspect of the subject's right 
shoulder and the left posteriO'r 
shoulder region. The subject was 
instructed to rotate his trunk to' 
the left against resistance in the 
opposite direction from the experi-
menter. No movement was 
allO'wed. The resulting isO'metric 
contractiO'n was sustained fO'r fO'ur 
secO'nds. 
8. Bridging with pelvic rotation (to 
the right) (BPR). The subject was 
PO'sitiO'ned in crook lying and lifted 
up into a bridging PO'sition. The 
subject was instructed to' attempt 
to rotate his pelvis to' the right 
while the experimenter resisted 
this rotatory mO'vement through 
the left anterior superior iliac spine 
and right posteriO'r iliac crest. No 
movement was allowed. Again, 
the contraction was isometric and 
was sustained for four seconds. 
Once recO'rdings fO'r all exercises were 
completed, the electrodes were re-
moved and the electrode sites were 
washed with warm water, dried and a 
medicream applied. 
Results 
On each recording, the IO'g RMS 
value for each muscle in lying was 
established and used as the baseline 
from which muscle activity during 
exercises was measured. For each 
muscle for each of the eight exercises, 
the peak activity was measured. 
TO' establish repeatability, 10 ran-
domly-selected subjects performed 
1 
CU 
-'21.0 
each exercise twice. Using the meas-
ured log RMS scores for analysis, 
coefficients of variatiO'n (CV) were 
calculated for each exercise (Table 1). 
Values of these cO'-efficients were all 
less than 10, indicating that there was 
less than 10 per cent variatiO'n and, 
therefore, that the subjects' perfO'rm~ 
ances of the exercises were repeatable. 
The subjects' IO'g RMS values were 
first standardised by calculating the 
mean activity for each muscle fO'reach 
su:bject over the eight exercises .and 
converting the log RMS values into 
deviation scores from the calculated 
means. These deviatiO'n scores were 
then used in the devised formula 
(2B + 2E + lL - 5U = X) to' calculate 
the index score X fO'r each exercise for 
each subject. 
The SAS package (Statistical Analysis 
System, SAS Institute Inc. 1985) was 
used to' perform a repeated measures 
analysis O'f variance to identify any 
difference between exercises with 
regard to' prO'ducing the desired 
pattern O'f muscle activity. Results of 
this analysis showed a significant 
difference between exercises 
(F(7,149)=66.57, p<O.OOOI). 
The means for the exercises were 
ranked (Table 2) and to establish 
where differences between exercises 
lay, post hoc paired comparisO'ns were 
perfO'rmed using Scheffe tests with a 
Scheffe value level predetermined at 
p<O.OOI (Keppel 1973). 
The tests revealed that no significant 
differences existed between the pattern 
O'f muscle activity produced by exer-
cises 1 to 5. However, all five exercises 
differed significantly from exercises 6, 
7 and 8 (crook lying and pelvic rO'tation 
right, sitting and trunk rotation left, 
bridging and pelvic rO'tatiO'n rightre~ 
spectively). There was also a signifi-
cant difference between exercises 7 and 
8 (Table 3). 
FrO'm these analyses and an examin-
atiO'n O'fthe raw data, it was evident 
that exercises 1 to 5 activated upper 
rectus abdominis as well as lower 
rectus abdominis and the oblique 
abdominals with little or no co-
activation of the IO'W back extensor 
from Page 9 
muscles. In contrast, exercises 6, 7 and 
8 activated the oblique and lower 
abdominals as well as varying amounts 
of low back extensor activity while 
upper rectus abdominis activity was 
very low or non-existent. 
Of these three exercises, exercise 8 
(bridging and pelvic rotation) showed 
more activity in the low back extensors. 
This observation was supported by 
analysis using a Scheffe test with a 
calculated F(7, 149) value of 40 1. 7 5, 
( p<O.OOl). 
Discussion 
Using the devised formula, exercises 
that demonstrated high oblique 
abdominal, lower abdominal and back 
extensor activity with little upper 
abdominal activity would result in 
index scores that were positive or 
highly positive. Those which activated 
upper abdominals to a high degree 
with low or negligible activation of the 
oblique and lower abdominals and the 
back extensors would produce negative 
index scores. 
In the exercises studied in this trial, 
the positive stability pattern was shown 
to exist in exercises 6, 7 and 8 - crook 
lying with pelvic rotation, sitting with 
trunk rotation and bridging with pelvic 
rotation to the right, respectively. 
These exercises have two features 
which distinguish them from the other 
exercises tested (exercises 1 to 5). 
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Resistance for the maximal isometric 
contraction of exercises 6, 7 and 8 was 
applied externally via manual guidance 
in such a way as to promote 'holding 
ability' or stabilisation of trunk posi-
tions. 
Of the other exercises tested, leg 
lowering also required the trunk to 
playa stabilisation role. However, this 
exercise appeared to rely more on 
general abdominal activity to stabilise 
the pelvis rather than a co-contraction 
pattern with the low back extensors 
with minimal contribution by rectus 
abdominis. 
The other feature of exercises 6, 7 
and 8 was the activation of the trunk 
musculature to control the tendency 
for the applied manual resistance to 
produce trunk rotation. The estab-
lished contribution of the low back 
extensors such as multifidus to act as 
stabilisers during trunk rotation 
(Valencia and Munro 1985) could 
partially explain why resistance exer-
cise involving rotation displayed a 
favourable stabilisation pattern. 
Of the three exercises displaying the 
stability pattern (6,7 and 8), exercise 8 
- bridging and pelvic rotation right 
- displayed the highest score. As 
stated, all three had rotary components 
but the high scores of exercise 8 may 
reflect the additional activity required 
in the low back extensors in order to 
maintain the bridging position during 
the application of a rotational resist-
ance to the pelvis. 
Results suggest that exercises 1 to 5 
do not exhibit the pattern associated 
with stability but rather favour ab-
dominal activity. These types of 
exercises may be successfully used for 
strengthening the abdominal muscul-
ature, particularly rectus abdominis, 
but spinal stability may not be opti-
mally affected by such exercise tech-
niques. 
Of the eight different types of exer-
cise tested, rotational movements have 
been established as the most appropri-
ate stabilisation exercise for the trunk. 
Further studies should include exer-
cises in which the trunk must stabilise 
for maximal isometric contraction 
involving the upper and lower limbs. 
As this type of exercise was used by 
Wilhelmsen (cited in Balldin et al 
1985) to increase IAP, it is possible 
that they may also result in the appro-
priate stability pattern for the muscles 
of the trunk. 
Conclusion 
This has been a preliminary study 
aimed at establishing appropriate 
exercises to promote trunk stability 
and hence protection of the spinal 
mechanism. 
Although only a limited number of 
exercises could be investigated, this 
study has shown that the pattern of 
muscle activity used during abdominal 
strengthening exercises varies consid-
erably. Some of the exercises used by 
physiotherapists which involve trunk 
stabilisation during rotating resistance 
appear to activate an appropriate co-
contraction pattern and would be 
useful in promoting stability of the 
vertebral column. 
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